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Abstract
This paper highlights the enhancement of emitted power from light emitting diodes using InN based quantum dot in the active 
layer of the device structure. We have developed mathematical models and analyzed numerically the temperature dependence of 
the degradation rate of the device lifetime, the effect of light transmission factor and the operating time on the power emitted 
from the light emitting diodes. The results obtained by using InN based quantum dot in the active layer of the device have been 
compared with those obtained by using InP based quantum dot in the active layer of the device. The comparison results reveal 
that the degradation rate of the device has been reduced and the power emission has been enhanced significantly by using InN 
based quantum dot in the active layer of the device. It can be then concluded that InN based quantun dot will bring a 
revolusionary changes in the performance improvement of LEDs in the near future.   
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1. Introduction
Very recently it has been reported by a group of researchers around the globe that the dramatic improvement has 
been achieved with the advancement of semiconductor technology through the gradual development of quantum 
structures, like two dimensional quantum well, single dimensional quantum wire and the zero dimensional quantum 
dot (Liu, Zhang, Tan, &Tansu, 2013; Nguyen, Zhang, Cui, Korinek, Botton, & Mi, 2012; Hossain, Humayun, 
Hasan, Bhuiyan, Hashimoto, & Yamamoto, 2012). Since the first demonstration of optical properties of self-
organized quantum dots, these materials are under extensive investigation all over the world for their applicability in 
optoelectronic device design.
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Quantum dots are formed spontaneously when a layer of a material having a large difference in lattice constant 
from that of the substrate is formed on the substrate (Goldstein, Glas, Marzin, Charasse, & Le Roux, 1985).        
It was reported earlier that if the dimension of a quantum dot becomes comparable to the De-Brogile wavelength, 
WKHGHQVLW\RIVWDWHVEHFRPHVDį-IXQFWLRQ*UXQGPDQQHWDO7KHį-function like density of states and strong 
confinement of electron and hole wave functions are unique properties of quantum dots, which improve the device 
characteristics significantly. Thus, quantum dots provide an ultimate limit of size quantization in solids and an 
extremely large improvement of electronic properties as compared to those of quantum wells and quantum wires. 
The real breakthrough occurred when a new class of self-organized quantum dots are applied for the 
optoelectronic device design. The optoelectronic devices such as laser, solar cell and so on, have gone through the 
dramatic improvements in the last decades by the application of quantum dot in the device structure (Humayun, 
Rashid, Malek, Hussain, & Daut, 2012; Rashid, Yusuf, Humayun,  Al-khateeb, & Tamaki, 2013).
The conventional Light Emitting Diodes (LEDs) offered the lower optical power into fiber therefore it lost its 
significance in the field of optical fiber communication to LASER. However, LEDs have the superior features like 
wider spectrum broadening compared to lasers. In addition, LEDs have smaller modulation bandwidth and it 
exhibits wider temperature range of operation and higher reliability with simpler drive circuitry costs (Bergh, & 
Copeland, 1980). The existing LEDs suffer from the lower emitted power and rapid degradation of performance as 
well. Therefore, researchers are paying more and more attention to improve both the optical and electrical 
characteristics of LEDs (Jang, 2008). 
It has been found that the quantum dot based LED are more efficient, which emits up to 60% more light than 
conventional LEDs. This enhancement of efficiency was possible by making the best use of the unique property of 
changing the band gap energy of quantum dot material by varying the dot size. Therefore, it is possible for a single 
quantum dot to emit lights of different wavelengths. Emission of light at different desirable wavelengths by tuning 
the size of quantum dot is a unique feature of quantum dots. Further the intensity of light emitted by LED can be 
improved by increasing the concentration of quantum dots in the active region of the LED (Poteat, 2009). Therefore 
this recent research is devoted to the enhancement of power emission from LED using InN quantum dot.
2. Working Principle of LED
The double-heterostructure LED is composed of p-type InN layer sandwiched between a p-type ܫ݊௫ܩܽଵି௫ܰ and 
an n-type ܫ݊௫ܩܽଵି௫ܰ layer. A forward bias is applied between the two contact layers of the LED structure. 
                    
(a) (b)
۷ܖܠ۵܉૚ିܠۼ ۷ܖܠ۵܉૚ିܠۼ۷ܖۼ ۷ܖܠ۵܉૚ିܠۼ ۷ܖܠ۵܉૚ିܠۼ۷ܖۼ
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Fig. 1: Schematic diagram   of LED Structure (a) Layer structure in forward bias condition and (b) Energy band diagram.
Due to the applied forward bias electrons from the n-type ܫ݊௫ܩܽଵି௫ܰ layer are injected into the p-type 
ܫ݊௫ܩܽଵି௫ܰ layer through the sandwiched layer as shown in Fig. 1 (a). Electrons are minority carriers in the p-type 
ܫ݊௫ܩܽଵି௫ܰ. These minority carriers diffuse away from the hetero-junction. In this layer, recombination of these 
defused electrons takes place with majority carriers i.e. holes. As a result of this recombination photons are 
produced with energy corresponding to the band gap energy of the p-type ܫ݊௫ܩܽଵି௫ܰ layer. The injected electrons 
are inhibited from diffusing into the p-type ܫ݊௫ܩܽଵି௫ܰ layer because of the potential barrier presented by the p–p
heterojunction as shown in Fig. 1(b). Hence, light is emitted from ܫ݊ܰ layer of the LED structure as shown in Fig.1
(Senior, 2009).
3. Mathematical Derivations 
Researchers are paying more and more attention on intrinsic direct band gap semiconductors to fabricate 
optoelectronic devices like lasers, solar cells, photo detectors and so on in order to reduce the homogeneous 
degradation due to recombination enhanced point defect generation and the migration of impurities into the active 
region. The optical output power of LED is expressed as a function of the operating time t, and is given by 
(Yamakoshi, Abe, Wada, Komiya, & Sakurai, 1981):
௘ܲ(ݐ) = ௢ܲ௨௧݁ିఉೝ௧ (1)
where ௘ܲ(ݐ)is the optical output power after time t, ௢ܲ௨௧ is the initial output power and ߚ௥  is the degradation rate. 
The degradation rate of LED is characterized by the activation energy of homogeneous degradation ܧ௔ and is a 
function of temperature. It is given by (Chuang, Ishibashi, Kijima, Nkayama, Ukita, & Taniguchi, 1997):
ߚ௥(ݐ) = ߚ଴݁ି
㎭ೌ
಼೅ (2)
Where ߚ଴proportionality is constant, ܭ is Boltzmann’s constant, and ܶ is the absolute temperature of the emitting 
region.
The activation energy ܧ௔ is a variable which is dependent on the material and the structure of the device. 
Consider that the activation energy is equal to the band gap energy the degradation rate is given by the following 
equation. 
ߚ௥(ݐ) = ߚ଴݁ି
ಶ೒
಼೅ (3)
Where ܧ௚ is the bandgap energy of the active layer material.
Again the emitted power from the LED depends on the light transmission factor. The relationship between the 
emitted power from the LED and the light transmission factor is given by the following equation (Senior, 2009):
௘ܲ(ݐ) =
௉೔೙೟ி௡మ
ସ௡ೣమ
(4)
where ௜ܲ௡௧ is the power generated internally, ݊ is the refractive index of air, ݊௫ is the refractive index of the active 
layer material and F is the transmission factor of the semiconductor–external interface. 
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4. Results of Numerical Experiments
This section presents the results obtained by numerical calculation of mathematical models as shown in the 
previous section. We compare the results obtained by using both InN and InP. We found that the enhancement of 
device lifetime i.e. the minimization of performance degradation rate and improvement of emitted power of 
quantum dot LED has been achieved using InN instead of InP quantum dot in the active layer of the LED structure.
Fig. 2: Effect of temperature on effective degradation rate of quantum dot LED. The solid line and the dotted line represent the lifetime 
degradation rate of LED using InN quantum dot and InP quantum dot as active layer material of LED respectively.
Figure 2 has been plotted using Eq. (3), Fig. 3 has been plotted using Eq. (4) and Fig. 4 has been plotted using 
Eq. (1) and Eq. (3).  Fig. 2 presents the comparison of temperature dependence of performance degradation rate of 
LED using InN and InP quantum dot as the active layer material of the LED structure. From Fig.2 it is clear seen 
that the degradation rate of the device performance increases exponentially with the increase of temperature. The 
solid line and the dashed line represent the characteristics of InN and InP quantum dot based LED respectively. It 
has been found that the rate of performance degradation of InP quantum dot LED increases sharply beyond 600K. 
Conversely, the InN quantum dot offers temperature independent operation until 800K and the degradation rate stars 
to increase at a very flat rate. It is ascertained from the figure that the performance degradation of the InN quantum 
dot significantly enhances the LED performance by increasing the temperature insensitivity.
Fig. 3: Light transmission factor dependence of quantum dot LED. The solid line and the dotted line represent emitted power of LED 
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using InN quantum dot and InP quantum dot as active layer material of LED respectively.
Fig. 3 represents the effect of light transmission factor on emitted power of quantum dot LED using InN and 
InP quantum dot in the active layer of the device structure. As shown in figure the power emission increases with 
the increase of the light transmission factor of LED. The solid line and the dotted indicate the amount of power 
emission of LED with the operating time using InN and InP quantum dot in the active layer of the device structure. 
The amount of emitted power from light emitting diode is decreasing day by day both for using InP and InN 
quantum dot in the active layer of the devise structure. From the above figure it is ascertained that the power 
emission capacity of quantum dot LED is decreasing more sharply than that of quantum dot LED using InP. 
Therefore it is anticipated that if InN can improve the LED output power characteristics. 
Fig. 4: Effect of operating time on the power emitted quantum dot LED. The solid line and the dotted line represent emitted power of LED using 
InN quantum dot and InP quantum dot as active layer material of LED respectively.
Fig. 4 represents the effect of operating time on emitted power of quantum dot LED using InN and InP quantum 
dot as the active layer material of the device structure. As shown in figure the power emission decreases with the 
operating time of the laser. The solid line and the dotted indicate the reduction of power emission of LED with the 
operating time using InN and InP quantum dot in the active layer of the device structure. From the above figure it is 
ascertained that the power emission capacity of quantum dot LED is decreasing more sharply than that of quantum 
dot LED using InP. Therefore it is anticipated that if InN can improve the LED output power characteristics. 
5. Conclusion
In this paper minimization of degradation rate of the lifetime and the improvement of emitted power from the 
light emitting diode has been reported. The numerical analysis of these  charechteristics of quantum dot based LEDs 
were carried out by using InP and InN quantum dot in the active layer of the device srtucture. It has been revealed 
from the comparitive analysis of the numerical results that the improvement of emitted power and reduction of 
performance degradation of light emitting diode have been achieved using InN based quantum dot in the active layer 
of the device structure. Therefore it can be concluded that InN quantun dot can bring about a revolusionary changes 
in the performance of LEDs in the very near future.
6. Future Directions
The main contribution of this study is to bring a new idea to use of InN based quantum dot in the active layer 
of the LED structure to improve its power emission capacity. Some of the LED characteristics have been improved 
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using InN quantum dot as the active layer material in this research work. Other characteristics of this device need 
further investigation using InN quantum dot. Motivated from these research findings, we are interested to study 
further possibility of improving other characteristics of LED using InN quantum dot as the active layer material. In 
this study, the emphasis has been given on the active layer of the device structure. The effect of other layers of the 
device should be investigated in future. In order to do so, researchers can find suitable material for the other layers 
considering InN quantum dot in the active layer of the LED structure.
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